Coconut oil is being heavily promoted as a healthy oil, with benefits that include support of heart health. To assess the merits of this claim, the literature on the effect of coconut consumption on cardiovascular risk factors and outcomes in humans was reviewed. Twenty-one research papers were identified for inclusion in the review: 8 clinical trials and 13 observational studies. The majority examined the effect of coconut oil or coconut products on serum lipid profiles. Coconut oil generally raised total and low-density lipoprotein cholesterol to a greater extent than cis unsaturated plant oils, but to a lesser extent than butter. The effect of coconut consumption on the ratio of total cholesterol to high-density lipoprotein cholesterol was often not examined. Observational evidence suggests that consumption of coconut flesh or squeezed coconut in the context of traditional dietary patterns does not lead to adverse cardiovascular outcomes. However, due to large differences in dietary and lifestyle patterns, these findings cannot be applied to a typical Western diet. Overall, the weight of the evidence from intervention studies to date suggests that replacing coconut oil with cis unsaturated fats would alter blood lipid profiles in a manner consistent with a reduction in risk factors for cardiovascular disease.
INTRODUCTION
Coconut oil has been an important edible oil for the food industry for many years and is normally termed or classified as a lauric oil, a tropical oil, or a confectionery fat. 1 The usual commercial product is either refined, bleached, and deodorized coconut oil or, more recently, virgin (unrefined) coconut oil. 2 The production of coconut oil has been increasing worldwide. In 2010, 3.5 million metric tons were produced, with the major producers being the Philippines (1.7 million metric tons), Indonesia (0.7 million metric tons), and India (0.5 million metric tons). 3 Of this total, around 2.0 million metric tons were exported, with the major exporter being the Philippines. Consumption in the United States in 2010 was reported as 0.4 million metric tons, with an average consumption of 1.28 kg per capita per annum. Consumption in the European Union was reported as 0.6 million metric tons, with a similar average consumption of 1.3 kg per capita per annum.
One of the advantages of coconut oil is its resistance to oxidation and polymerization, which makes it a stable oil for cooking. For example, it is suitable for single-use shallow frying, although it is not recommended for continuous deep-fat frying because of its low smoke point, which may lead to the production of potentially carcinogenic substances upon overheating. 4 Because of its high content of saturated fatty acids (92%), coconut oil has always been classified, along with butter, palm oil, and animal fats, as a source of saturated fat to be consumed at low levels in the diet (Table 1) . [5] [6] [7] In recent years, numerous claims on websites and in the commercial literature have likened coconut oil to medium-chain triglycerides, asserting that it behaves atypically compared with other foods high in saturated fat and is beneficial for human health. 2 Research on manufactured medium-chain triglycerides in the literature cannot be applied to coconut oil because the triglycerides predominant in coconut oil are different in their structure, absorption, and metabolism. A comparison of the fatty acid composition of coconut oil, medium-chain triglycerides (derived from coconut oil or palm kernel oil), and butterfat is shown in Table 2 . [8] [9] [10] Medium-chain triglyceride oils are made predominantly of C8:0 (caprylic) and C10:0 (capric) fatty acids. Research on medium-chain triglyceride oils has been focused on these synthesized esters of C:8 and C:10 fatty acids. 8 Both are classified as medium-chain fatty acids. The main fatty acid in coconut oil is lauric acid (C12:0). Lauric acid can be classified as either a medium-chain or a long-chain fatty acid. In terms of digestion and metabolism, however, it behaves more as a long-chain fatty acid because the majority of it (70%-75%) is absorbed with chylomicrons. 11 In comparison, 95% of medium-chain fatty acids are absorbed directly into the portal vein. 12 Medium-chain fatty acids are more water soluble than long-chain fatty acids and are solubilized in the aqueous phase of the intestinal contents without forming micelles, thereby undergoing faster absorption. 13 Medium-chain fatty acids are also weak electrolytes and are highly ionized at neutral pH, which further increases their solubility. 14 This marked difference in solubility occurs at chain lengths of C:10 and less, which therefore excludes lauric acid.
When fatty acids are combined into triglycerides, the triglycerides themselves can also be termed medium-chain or long-chain. Medium-chain triglycerides have a total carbon number of C24:0 to C30:0. Only around 4% of the triglycerides in coconut oil are of this length. Triglycerides containing lauric acid have a higher molecular weight and are metabolized differently than the lower-molecularweight triglycerides, which contain only C8 and C10 chains (medium-chain triglycerides). The mean molecular weight of triglycerides in coconut oil is 638, whereas that of medium-chain triglyceride oils is 512. The lower molecular weight of medium-chain triglycerides facilitates the action of pancreatic lipase. Consequently, mediumchain triglycerides are hydrolyzed faster and more completely than longer-chain triglycerides. 8 It is therefore inaccurate to consider coconut oil to contain either predominantly medium-chain fatty acids or predominantly medium-chain triglycerides. Thus, the evidence on medium-chain triglycerides cannot be extrapolated to coconut oil.
Epidemiological evidence from populations who consume substantial amounts of coconut is frequently cited as evidence that coconut oil does not have negative effects on cardiovascular health. It is important to note, however, that most indigenous populations have consumed either coconut flesh or squeezed coconut cream. 15 The extraction and use of coconut oil in edible applications is a relatively recent phenomenon. Furthermore, when earlier data were collected, coconut products were consumed as part of a traditional diet, which was characterized by a low intake of processed foods. Subsequent to this, a large shift toward the Western diet has occurred among many indigenous populations, as evidenced by imports of unhealthy foods such as corned beef, fast food, and processed ingredients, leading to huge increases in obesity and poor health. 16 The purpose of this narrative review, therefore, is to systematically assess the research available on the consumption of coconut oil, coconut milk, or coconut cream in humans, along with the effect of these products on cardiovascular disease (CVD) or related risk factors.
Search strategy
A search was conducted of the MEDLINE and Scopus databases to the end of 2013 for English-language research articles or reviews of studies performed in humans. The search terms used were "coconut" or "cocos nucifera" in the title, abstract, or keywords. To ensure all relevant articles were identified, search terms related to CVD or risk factors were not included in the search.
Studies were included if they were conducted in humans and met the following criteria: the study was related to consumption of edible coconut, coconut oil, squeezed coconut, coconut milk, or coconut cream; coconut was the main intervention or focus of analysis; and outcomes were relevant to CVD.
Studies were excluded if they were published as letters, conference abstracts, opinion pieces, nonsystematic reviews, or books. Articles were further excluded if the research was related to medium-chain triglycerides (rationale provided above); if they reported animal or ex vivo studies; if the study was related to the history of coconut production or use; if coconut was part of a mixed intervention and it was not possible to determine its individual impact; if the study was conducted in a special clinical population, e.g., patients with liver cirrhosis or formula-fed infants; if study outcomes such as lipid profiles were a minor part of the experimental results and were not a major objective of the study; if the study was also a drug trial; if the study investigated the effect of lauric acid rather than coconut; or if the study lacked a control group.
All articles were extracted into an EndNote library and duplicate studies removed. Exclusion criteria were applied by first screening titles and then screening abstracts, after which full papers were reviewed as necessary. Additional articles were obtained by manually searching bibliographies and coconut-related websites.
The database search identified 1528 unique articles ( Figure 1) . A further 4 papers were identified from bibliography and Web searches, yielding a total of 1532 to be examined. Screening by title and abstract review reduced the number to 51. The first 2 authors reviewed full texts of the remaining articles against the exclusion criteria and made consensus decisions about inclusion and exclusion. One paper was identified during peer review and was added. A total of 21 papers were identified for inclusion in this review.
Epidemiological evidence Indigenous populations who consume significant amounts of coconut products include those of India, Sri Lanka, the Philippines, Polynesia, and Melanesia. [17] [18] [19] [20] [21] Their health statistics are often quoted as evidence that consuming coconut oil poses no risk of CVD. 22 However, observational studies in these population groups cannot show causation and are prone to confounding because many different factors can simultaneously affect a specific health outcome or indicator. Furthermore, cross-sectional studies cannot show a temporal sequence because measures are taken at a single point in time. They are highly prone to recall bias and reverse causation. Observational studies also have inherent limitations when used for dietary assessment because they have a strong bias toward underestimation of habitual energy intake. Of the observational studies identified for inclusion in this review, the 8 key papers are discussed below.
The Pukapuka and Tokelau Island study by Prior et al. 20 found a low incidence of CVD in the populations of these two islands, despite a large portion of energy intake (34% among Pukapukans and 63% among Tokelauans) and dietary fat intake being from coconut flesh. It has been reported that the diets of these two populations were low in sugar and high in fiber-rich foods, resulting in low cholesterol levels (4.5 mmol/L and 4.6 mmol/L in Pukapukans and Tokelauans, respectively). The higher saturated fat intake among the Tokelauans was associated with significantly higher total cholesterol (0.87-1.00 mmol/L) among the different age groups compared with the Pukapukans (all P < 0.05).
Forty years ago, a study of Tokelauans who migrated to and had lived in New Zealand for approximately 7 years was conducted. 15 Lipid profiles and diets for 1200 residents of New Zealand were compared with those of 800 people still living in Tokelau. For the male migrants, whose diet and lifestyle had changed, plasma 15 For the people of Tokelau, 50% of their energy intake was from fat, predominantly coconut, either as grated coconut flesh or as coconut cream. Their diet consisted primarily of coconut, breadfruit, and fish. Coconut oil was not consumed per se. For the migrants who moved to New Zealand, their lifestyle and entire diet changed to include less fish and considerably more dairy products, meat, and sugar. Thus, the differences cannot be attributed to the presence or absence of coconut oil.
The Kitava studies examined cross-sectional age relations of cardiovascular risk factors in 203 Melanesian people between the ages of 20 and 86 years in Papua New Guinea. 19, 23, 24 Coconut is a staple food of the Kitavans, who have a very low incidence of CVD. Fat intake (mainly from coconut) among Kitavans as a percentage of energy was low, at 21%. The Kitavan diet consisted of whole coconut, tubers, fish, and fruit. The average total cholesterol was reported as 4.7 mmol/L, with LDL-C being 3.1 mmol/L. Life expectancy in this study was most highly correlated with body mass index, the mean of which for those studied was 20 kg/m 2 . A cross-sectional study of 1508 Samoans living in American and Western Samoa compared people consuming a traditional diet, which included coconut products, with those consuming a Western-style diet. 17 The Western diet was associated with an increased incidence of metabolic syndrome and, therefore, an increased risk of developing CVD. These authors did not measure total cholesterol or LDL-C but focused on components of the metabolic syndrome: abdominal obesity, hypertension, hypertriglyceridemia, low HDL-C, and elevated fasting glucose. They concluded that the results of this study provide evidence of the potential protective effect of a neotraditional eating pattern in American Samoa and Samoa. However, they state that, given the crosssectional nature of this study, the results should be confirmed in a prospective study and in clinical trials to separate the effects of specific nutrients from the influence of the surrounding dietary pattern. The neotraditional dietary profile was characterized by a high intake of coconut products and seafood and a low intake of processed foods, including potato chips, rice, and soft drinks.
Coconut consumption is associated with higher levels of serum HDL-C in epidemiological studies, and claims of coconut being beneficial to heart health have been attributed to this effect. 22 An analysis of the results of a longitudinal cohort study of 1839 Filipino women aged 35-69 years by Feranil et al. 25 reveals that, while HDL-C levels did indeed rise with an increase in coconut oil intake (1.01-1.09 mmol/L, P ¼ 0.001), total cholesterol (4.63-5.02 mmol/L, P ¼ 0.001), and LDL-C (2.97-3.23 mmol/L, P ¼ 0.001) also rose. The serum triglyceride levels of the participants rose with increasing coconut oil intake (1.43-1.51 mmol/L, P ¼ 0.001). The ratio of total cholesterol to HDL-C was unaffected by coconut intake (P ¼ 0.81). When viewed as a whole, these results do not indicate either a beneficial or a detrimental effect on serum lipid profiles. Sabitha et al. 26 conducted a cross-sectional study in 140 middle-aged Indian men with and without type 2 diabetes who self-reported typically consuming coconut oil or sunflower oil as 13% to 20% of their total energy intake over the past 6 years. Lipid profiles and oxidative stress parameters were compared between the groups and did not show any statistically significant differences between coconut oil and sunflower oil. While the authors concluded that type of dietary fat may not be a major contributory factor to oxidative stress in this population, the observational nature of the study design does not allow any firm conclusions to be drawn.
Population studies have been performed in several other countries: 2 studies from Tanzania looked at obesity and dyslipidemia, 27,28 1 each from Indonesia and India looked at coronary heart disease, 18 ,29 and 1 from India examined hypertension. 30 Confounding factors between study groups, such as smoking and sugar consumption, make it unclear whether coconut in the diet has any positive or negative effect on CVD and its risk factors.
Clinical trials and intervention studies Eight intervention studies met the inclusion criteria (Table 3) . [31] [32] [33] [34] [35] [36] [37] [38] Four were crossover trials, 31, 33, 37, 38 3 were sequential feeding studies, 32, 34 and 1 was a randomized parallel community-based trial. 35 Two studies were conducted in New Zealand, 31 ,32 2 in the United States, 33,37 2 in Sri Lanka, 34, 35 and 2 in Malaysia. 36, 38 The primary outcomes were related to serum lipids (n ¼ 8)
31-38 and markers of inflammation or oxidative stress (n ¼ 1). 38 
Coconut and blood lipids and lipoproteins
Cox et al. 31 conducted a randomized crossover trial to assess the effects of coconut oil, butter, and safflower oil on lipids and lipoproteins in moderately hypercholesterolemic individuals. Twenty-eight participants (13 men, 15 women) followed three 6-week experimental diets of similar macronutrient distribution with the 3 different test fats providing 50% of total dietary fat. Fat as a percentage of energy ranged from 35% to 37%. After both the butter and the coconut oil interventions, total cholesterol (6.8 mmol/L and 6.4 mmol/L, respectively) and LDL-C (4.5 mmol/L and 4.2 mmol/L, respectively) were significantly higher than after the safflower oil intervention (total cholesterol, 6.1 mmol/L; LDL-C, 3.9 mmol/L), and butter raised both outcome measurements significantly more than coconut oil (P < 0.001). There was no statistically significant difference in HDL-C levels between interventions. Concentrations of triglycerides were significantly lower after the coconut oil (P ¼ 0.01) and safflower oil (P ¼ 0.02) interventions compared with the butter intervention, with no difference between coconut oil and safflower oil (P ¼ 0.48).
In a larger trial, Cox et al. 32 carried out a sequential, nonrandomized feeding experiment in 41 healthy people of Pacific ethnicity to assess the effects of coconut oil, butter, and safflower oil on blood lipids and lipoproteins. The participants consumed each of the 3 test diets for 6 weeks. Fat was consumed as 36% total energy, with test fats providing 46% of dietary fat intake. The authors confirmed their earlier findings, 31 in that total cholesterol and LDL-C levels were highest with the butter diet (5.61 mmol/L and 4.08 mmol/L, respectively) and lowest with the safflower oil diet (5.1 mmol/L and 3.5 mmol/L, respectively), with coconut oil in between the two (5.47 mmol/L and 3.79 mmol/L, respectively). Total cholesterol and LDL-C levels were significantly higher in both the butter and the coconut oil interventions compared with the safflower oil intervention (P < 0.01) but did not differ significantly between butter and coconut oil. Both butter (1.16 mmol/L) and coconut oil (1.21 mmol/L) significantly raised HDL-C compared with safflower oil (1.06 mmol/L) (P < 0.01), with no significant difference between coconut oil and butter. Plasma triglyceride levels were reduced from 1.98 mmol/L in all 3 test groups, with the coconut oil group showing the lowest concentration (1.61 mmol/L) compared with the safflower oil group (1.77 mmol/L) and the butter group (1.86 mmol/L). However, this effect was not statistically significant between treatments (P ¼ 0.18). The results of both these studies by Cox et al. 31, 32 suggest that coconut consumption has a detrimental effect on blood lipids and lipoproteins compared with safflower oil, a cis unsaturated fat. The results are less clear when comparing coconut with butter. One study reported significantly lower total cholesterol and LDL-C following coconut oil consumption in comparison with butter consumption, 31 whereas the other study reported no difference. 32 The randomized crossover study by Voon et al., 38 conducted in 45 healthy young Malaysian adults, examined a range of biomarkers that included homocysteine, C-reactive protein, and fasting and postprandial lipid levels after consumption of meals with different fat compositions over a 5-week period. The diets were high in protein (20% of energy), with the test fats (palm olein, coconut oil, and virgin olive oil) providing 67% of total fat, which in turn was 30% of energy. The levels of homocysteine and other inflammatory biomarkers such as C-reactive protein were not significantly different between the 3 treatments. Lipid profiles showed that the coconut oil group had significantly higher total cholesterol (4.95 mmol/L vs 4.65 mmol/L) and LDL-C (3.30 mmol/L vs 3.06 mmol/L) levels compared with the olive oil group (all P < 0.05). Although HDL-C concentrations were significantly higher in the coconut oil group compared with olive oil group (1.37 mmol/L vs 1.28 mmol/L, P < 0.05), ratios of total cholesterol to HDL-C were not significantly different between the 3 test diets. Other outcomes did not differ significantly between the palm olein treatment and the other 2 treatments. Similar to the studies above, coconut oil consumption was associated with a more atherogenic profile in terms of total and LDL cholesterol. It is important to note, however, that there was no difference in the ratio of total cholesterol to HDL-C, which is a strong predictor of CVD risk.
Reiser et al. 37 conducted a relatively small randomized crossover trial in medical students that assessed the effects of coconut oil, safflower oil, and beef fat on fasting plasma lipid and lipoproteins. Nineteen male participants consumed 2 or 3 of the diets for 5 weeks each, eating their normal diet in between the test diets. The test fat provided 60% of energy from fat, with total fats providing 35% of energy. In comparison with the safflower oil diet (total cholesterol, 3.65 mmol/L; HDL-C, 1.03 mmol/L; LDL-C, 2.33 mmol/L), the coconut oil diet resulted in significantly higher concentrations of total cholesterol (4.34 mmol/L), HDL-C (1.19 mmol/L), and LDL-C (2.84 mmol/L), with no significant difference in triglycerides (0.81 mmol/L vs 0.88 mmol/L). In comparison with the beef fat diet (total cholesterol, 4.01 mmol/L; HDL-C, 1.03 mmol/L; LDL-C, 0.99 mmol/ L), the coconut oil diet resulted in significantly higher total cholesterol and HDL-C and lower triglycerides, with no significant difference in LDL-C (2.53 mmol/L vs 2.84 mmol/L). Although this study sample is relatively small, the results are consistent with other research in terms of reporting significant increases in total and LDL cholesterol among those consuming the coconut oil diet.
Ng et al. 36 conducted a 3-part sequential feeding study in 83 normocholesterolemic Malaysian participants. Participants were randomized to 1 of 3 groups and received a sequence of (1) coconut oil/palm oil/coconut oil; (2) coconut oil/corn oil/coconut oil; or (3) coconut oil for all three 5-week dietary periods. Fat as a percentage of energy ranged from 27% to 31%, with the study oils suppling approximately 75% of total fat.
Following coconut oil feeding, subsequent feeding of palm oil or corn oil resulted in reductions in total cholesterol (19% and 36%, respectively), LDL-C (20% and 42%, respectively), and HDL-C (20% and 26%, respectively), all P < 0.01. Neither the ratio of LDL-C to HDL-C nor triglyceride levels were significantly different between the coconut oil and palm oil diets, but both were significantly lower after the corn oil diet compared with the coconut oil diet (both P < 0.01). Compared with baseline, coconut oil increased total cholesterol concentrations by more than 10% in all groups. It should be noted that, although this study had 83 participants, each completed only 1 of 3 sequences, meaning the number in whom the different oils were compared ranged from 26 to 27 participants. In addition, the participants did not receive the different oils in random order. Overall, these results indicate a detrimental effect on both total and LDL cholesterol. In addition, although HDL-C was higher after the coconut oil diet, the proportionally greater increase in LDL-C resulted in a significantly higher ratio of LDL-C to HDL-C compared with the ratio in participants who consumed the corn oil diet. Collectively, these findings indicate that coconut oil consumption results in an atherogenic profile when compared with corn oil consumption. Further, coconut oil offered no advantage over palm oil.
A randomized community-based feeding experiment with 60 Sri Lankans over a 62-week period assessed the effects of lowering coconut and saturated fat intake compared with partial replacement of saturated fat from coconut with polyunsaturated fat from soyabean and sesame oil. 35 Both intervention diets were low in fat (20% total energy vs 24% total energy). The use of field workers who made regular visits to the households facilitated the collection of detailed dietary information and supervision of the intervention phases. The results showed that reducing the saturated fat intake or replacing a portion of the saturated fat in the diet with unsaturated fat resulted in improved serum lipoprotein profiles compared with baseline. Both groups showed a 24% to 27% decrease in the ratio of total cholesterol to HDL-C at 12 months compared with baseline (both groups, P < 0.002). The difference between groups was not significant. In addition, there were significant reductions in LDL-C and increases in HDL-C in both groups, with a significantly greater reduction in LDL-C in the soyabean and sesame oil group. The only adverse effect was a small but significant increase (8.2%) in triglycerides in the group supplemented with soyabean and sesame oil, but in this group some of the total fat was replaced by carbohydrate. A limitation of this study is the lack of a control group whose intake of coconut oil was not modified.
An earlier sequential feeding study by Mendis and Kumarasunderam 34 assessed the effects of coconut oil consumption vs soyabean oil consumption over two 8-week periods, with a 3-week washout period, on 25 healthy males. Thirty percent of total energy was consumed as fat, the test fats constituting 70% of fat intake. In contrast to the later findings of Mendis et al., 35 this study showed a beneficial effect of soyabean oil on triglyceride levels (1.42-1.06 mmol/L) compared with baseline (P < 0.01). Additionally, the soyabean intervention significantly reduced total cholesterol (4.46-3.68 mmol/ L) and LDL-C (2.95-2.27 mmol/L) (both P < 0.01) and lowered HDL-C from 1.10 to 0.94 mmol/L (P < 0.05). The coconut oil diet resulted in a return to levels of serum lipids that were not significantly different from baseline levels. Only total cholesterol was reported as being statistically significantly different between the coconut oil and soyabean oil interventions. Interestingly, although LDL-C was lower with soyabean oil than with coconut oil (2.27 6 0.36 vs 2.84 6 0.3 mmol/L), this difference was not statistically significant, a finding unique to this study.
Fisher et al. 33 compared corn oil with coconut oil in mixed diets in a small number (9 healthy males) of participants for 9 days. They measured changes in blood lipids and lipoproteins and examined the effects of individual variations in lipoprotein metabolism on the end results. Coconut oil was found to have adverse effects, shifting the distribution of apolipoprotein E toward very low-density lipoprotein (VLDL) cholesterol fractions. Compared with the corn oil diet, the coconut oil diet was associated with significant increases in total cholesterol, VLDL cholesterol, intermediate-density lipoprotein cholesterol þ LDL-C, HDL-C, total triglycerides, and VLDL triglycerides as well as significant increases in the apolipoprotein E content in intermediate-density lipoprotein cholesterol þ LDL-C (all P < 0.01). An important limitation of this study is the small sample size, which hampers interpretation of the results.
DISCUSSION
This review identified a limited amount of human research on which to assess the merits of coconut oil or coconut products in relation to cardiovascular health. Much of the research has important limitations that warrant caution when interpreting results, such as small sample size, biased samples, inadequate dietary assessment, and a strong likelihood of confounding.
There is no robust evidence on disease outcomes, and most of the evidence is related to lipid profiles. In comparison with other fat sources, coconut oil did not raise total or LDL cholesterol to the same extent as butter in one of the studies by Cox et al., 31 but it did increase both measures to a greater extent than did cis unsaturated vegetable oils.
In total, 7 intervention studies directly compared coconut oil with oils containing cis unsaturated fat. [31] [32] [33] [34] [36] [37] [38] The coconut oil interventions resulted in significantly higher total cholesterol in all 7 trials, with significantly higher LDL-C in 6 trials [31] [32] [33] [36] [37] [38] and with no significant difference in 1 trial. 34 High-density lipoprotein cholesterol was significantly higher after the coconut oil interventions in 5 of the trials, 32, 33, [36] [37] [38] with no significant difference observed in the remaining 2 trials. 31, 34 Ratios of total cholesterol to HDL-C or of LDL-C to HDL-C were examined in only 2 of these studies. One study reported a significantly higher LDL-C:HDL-C ratio after a coconut oil diet compared with a corn oil diet, 36 while one reported a significantly lower ratio of total cholesterol to HDL-C following a coconut oil diet compared with an olive oil diet. 38 Five studies reported no significant difference in triglyceride concentrations, 31, 32, 34, 37, 38 while 2 studies reported lower triglyceride concentrations following a corn oil diet compared with a coconut oil diet. 33, 36 While the inconsistent findings on the effects of coconut oil on HDL-C, on the ratio of total cholesterol to HDL-C, and on the ratio of LDL-C to HDL-C make it difficult to predict the effects of coconut oil on CVD risk, it should be noted that the significantly lower LDL-C concentrations observed among participants who received cis unsaturated fat treatments compared with participants who received coconut oil diets ranged from 0.24 mmol/L to 1.03 mmol/L. It has been reported that every 1-mmol/L reduction in LDL-C is associated with a corresponding average 22% reduction in CVD mortality and morbidity. 39 In addition, it has been calculated that, in New Zealand, a reduction in the incidence of ischemic heart disease in the order of 10% among the population can be achieved by substituting 5% of the daily energy (10-14 g) from saturated fat with polyunsaturated fat. 40 On the basis of these predictions, it appears that consuming cis unsaturated fat in place of coconut oil is likely to result in substantial reductions in the risk of CVD.
Not all saturated fatty acids produce the same cholesterol-raising effects. Differences in the effects have been attributed to a combination of variations in the structural shape, the melting point, and the water solubility of the fatty acids. 11 Fatty acids may affect the metabolism of fat in the liver as well as subsequent levels of cholesterol and lipoproteins in several ways, depending on how the fatty acid is presented to the liver, i.e., via the portal vein or via chylomicrons, 11 or on the stereospecific position of the fatty acid in the triglyceride molecule. 41 Ninety-five percent of medium-chain triglycerides are absorbed through the portal vein. The subsequent rise in cholesterol was reported to be 50% of that from palmitic acid. 42 In contrast, less than 5% of palmitic acid is absorbed via the portal vein. Studies have reported that 25% to 30% of lauric acid is absorbed through the portal vein. 11 Lauric acid, because of its shorter chain length and lower melting point, may impart less rigidity to triglyceride and phospholipid molecules than does palmitic acid and thus may have different effects on hepatic cholesterol and/or lipid metabolism. If only 70% of the lauric acid is absorbed via chylomicrons, then this may explain why LDL-C concentrations were lower after coconut oil consumption than after butterfat consumption in one of the studies by Cox et al. 31 However, when the data from the 5 trials that directly compared coconut oil with another saturated fat are examined collectively, the results are largely inconsistent. 31, 32, [36] [37] [38] The comparators in these interventions included butter in 2 trials, 31, 32 beef fat in 1 trial, 37 and palm oil in the remaining 2 trials. 36, 38 There was a significant reduction in total and LDL cholesterol in the coconut oil arm compared with the butter arm in one study, 31 but not in another. 32 One study found no difference between palm oil and coconut oil with regard to changes in total and LDL cholesterol, 38 while the other reported significantly higher concentrations following the coconut oil diet. 36 Compared with the beef fat arm, total cholesterol, but not LDL-C, was significantly higher in the coconut oil arm. 37 Concentrations of HDL-C were not different between coconut oil and butter treatments 31, 32 but were significantly higher in the coconut oil arm of a study that used beef fat as the comparator. 37 Conversely, HDL-C was higher in the coconut oil arm than in the palm oil in one study, 36 but not the other. 38 Triglyceride concentrations were significantly lower in one of the studies in which the comparison was butter, 31 but not in the other. 32 Triglycerides were also significantly lower when coconut oil was compared with beef fat, 37 but they did not differ when coconut oil was compared with palm oil. 36, 38 Only one study 36 measured the LDL-C:HDL-C ratio and reported a lower ratio following the palm oil diet compared with the coconut oil diet. The total cholesterol to HDL-C ratio was measured only by Voon et al., 38 who reported no difference between the coconut oil diet and the palm oil diet. Collectively, these results do not provide evidence that coconut oil acts consistently different from other saturated fats in terms of its effects on blood lipids and lipoproteins.
In summary, this review found no evidence that coconut oil should be viewed differently from other sources of dietary saturated fat with regard to dietary recommendations. This is in line with recommendations from the American Heart Association and the US Department of Agriculture's Dietary Guidelines for Americans, 2010 43 , which suggest that coconut oil is not preferable to other saturated fats. Guidelines from both agencies continue to recommend that dietary saturated fat be limited to 7% to 10% of calories because it can increase the risk for heart disease.
It has been hypothesized that the more favorable lipid profiles and lower mortality rates observed in coconut-consuming populations are due to the foods that constitute the rest of their traditional diets. 17 The majority of the Pacific Island populations, such as those from the islands of Tokelau and Pukapuka, traditionally ate no processed foods and consumed a diet high in fruit and vegetables, with the main protein source being fish. The original participants of the Kitava study had an active lifestyle without major influences from a Western diet. This is in contrast to the consumption of coconut oil in a typical Western diet, which contains more processed foods, less fish, less fruit and vegetables, and more saturated fat than recommended in dietary guidelines. 44 Studies suggest that the consumption of coconut products that contain fiber, such as coconut flesh and coconut flour, 45 within a traditional dietary pattern that includes sufficient polyunsaturated fats (omega-3) in the absence of excessive calories from refined carbohydrates does not pose a risk for heart disease. In contrast, the excessive use of coconut oil as the major lipid in the typical Western diet produces effects similar to those of other saturated fats. Despite claims that coconut oil may reduce cardiovascular risk factors, this review found no evidence indicating that coconut oil is preferable to other unsaturated plant oils.
This review included studies published up to the end of 2013. The search was subsequently updated to include studies published up to November 2015. Although several studies were published during this period, most suffer fundamental flaws, and thus only one study met the inclusion criteria. 46 In a further analysis of their previously reported study, Voon et al. 38 used a randomized crossover study to compare the effects of virgin olive oil, palm olein, and coconut oil on cell adhesion molecules and thrombogenicity indices in 45 healthy adults in Malaysia. As mentioned previously, the diets contained 30% of energy from fat, and the study oils supplied two-thirds of total fat. There were no significant differences between the 3 oils for thrombogenicity indices, but olive oil significantly lowered proinflammatory leukotriene B 4 compared with both palm olein and coconut oil. In addition, the plasma antiaggregatory 6-keto-prostaglandin F 1a was significantly lower after the olive oil treatment compared with the palm olein treatment.
This additional study also fails to provide any evidence that consumption of coconut oil results in benefits preferable to those seen with plant cis unsaturated oils, and thus the conclusion of this review remains unchanged.
CONCLUSION
In summary, although evidence of an association between coconut consumption and risk factors for heart disease is mostly of very poor quality, it suggests that coconut oil, when compared with cis unsaturated plant oils, raises total cholesterol, HDL-C, and LDL-C, although not as much as butter does. The impact of coconut oil consumption on the ratio of total cholesterol to HDL-C was often not reported. No convincing evidence that consumption of coconut oil, as opposed to consumption of unsaturated oils, led to improved lipid profiles and a decreased risk of CVD was discovered during the literature search. Overall, the weight of the evidence to date suggests that replacing coconut oil with cis unsaturated fats would reduce CVD risk. Therefore, this review does not support popular claims purporting that coconut oil is a healthy oil in terms of reducing the risk of CVD. There was no evidence that coconut oil acted consistently different from other saturated fats in terms of its effects on blood lipids and lipoproteins. Given the limited number of intervention studies in this area, along with the methodological flaws evident in existing studies, further well-designed randomized trials that include appropriate controls, are adequately powered, and examine a range of CVD risk factors are required.
